The normal epithelial cell-specific 1 (NES1) gene is genes; NES1 gene; NES1 genomic structure. a recently identified novel serine protease-like gene which is down-regulated during breast cancer progression. The gene product has 34 -42% identity with the members of three distinct serine protease fami-
9). The distinct feature of this gene family is that all www.genome.wi.mit.edu) for statistical evaluation.
the members cluster on a single locus on chromosome chromosome (PAC) library (15) spotted on nylon membranes was PSA is a well-recognized marker for prostate cancer. screened by hybridization. The PCR product generated with the deIn males, it is predominantly produced in prostatic epi-scribed primers 4S/4AS was purified, labeled with 32 P by the random thelial cells and secreted into the seminal plasma, primer method and used as a probe. The filters were hybridized in 15% formamide, 500 mM Na 2 HPO 4 , 7% SDS, 1% BSA (w/v) at 65 ЊC where it serves to degrade the gel-like seminogelin proovernight, then washed sequentially with 21 SSC, 11 SSC, 0.21 teins to increase sperm motility (11, 12) . In females, it SSC containing 0.1% SDS at 65 ЊC and then exposed to X-ray film.
has been shown that breast has the ability to produce
Mapping of NES1 with fluorescence in situ hybridization. The PSA and the production is down regulated in malignant isolated PAC clone containing the NES1 gene (PAC 43B1) was used breast tumors (13, 14) .
as a probe. The regional assignment of the PAC clone was determined There are several interesting similarities between by fluorescence in-situ hybridization (FISH) to normal human lym-NES1 and PSA: (a) Both have sequence similarity as phocyte chromosomes counterstained with propidium iodide and 4, 6-diamidin-2-phenylindol-dihydrochloride (DAPI) following pubpreviously described (1); (b) The NES1 gene encodes a lished methods (16, 17) . Biotinylated probe was prepared by nick serine protease which is predicted to be secreted, as is translation and detected with avidin-fluorescein isothiocyanate the case with PSA; (c) NES1 is down-regulated during (FITC), followed by biotinylated anti-avidin antibody and avidinbreast cancer progression, a situation that strikingly FITC. Images of metaphase preparations were captured by a thermoresembles PSA gene expression in breast cancer. These electrically cooled charge coupled camera (Photometrics, Tucson, AZ). Separate images of DAPI banded chromosomes (16) and of FITC common features between PSA and NES1 led us to targeted chromosomes were obtained, pseudo colored blue (DAPI) isolate the entire NES1 gene, determine its chromoand yellow (FITC) and merged electronically using Adobe Photoshop somal localization and genomic structure and compare 3.0 software. The band assignment was determined by measuring the it to the PSA gene. Our findings may contribute to a fractional chromosome length and by analyzing the banding pattern better understanding of the relationship between generated by the DAPI counterstained image (16, 18, 19 
MATERIALS AND METHODS
(Invitrogen, Carlsbad, CA). This plasmid was then subjected to sequencing using automated procedures along with NES1 cDNA speAmplification of NES1 gene by polymerase chain reaction (PCR). cific and walking sequencing primers. Two pairs of NES1 gene-specific primers were designed based on the published NES1 cDNA sequence (1) (Genbank accession number AF024605). They were 4S, 5-GCTTCCCTACCGCTGTGCT-3, 4AS, primer pair 4S/4AS generated a product of about 500
The PCR products were cloned into the pCRII-TOPO vector (Invitrogen, Carlsbad, CA, 92008) following the manufacturer's instruc-bp (Figure 1 ), suggesting that primer pair 4S/4AS was tions. The inserts were sequenced with vector-specific primers from amplifying parts of two exons along with the sequence both directions using an automated DNA sequencer.
of an intervening intron. This was verified as described Chromosomal localization of the NES1 gene by somatic cell hybrid below. In order to verify the identity of the PCR products panel #2) and a whole-genome radiation hybrid panel (Genebridge4, with primer pairs 3S/3AS and 4S/4AS from human geResearch Genetics, Huntsville, AL) were screened. PCR was carried nomic DNA, we cloned them into the pCRII-TOPO vecout as described above but 25 ng of DNA was used per reaction. The results of PCR using the radiation hybrid panel were submitted to tor and the inserts were sequenced. The sequence of
Fluorescence in Situ Hybridization
The PAC clone was mapped by fluorescence in-situ hybridization (Figure 4) . By this technique, NES1 was mapped to chromosome 19q13.3-q13.4, in full agreement with the somatic cell hybrid and radiation hybrid mapping.
Genomic Structure of the NES1 Gene
The PAC clone 43B1 was subcloned into the plasmid vector pZERO-II and 6.5 kb of the insert was se- Figure 5 shows the genomic organizawith primer pair 3S/3AS; and lane 6, the negative control. tion of the NES1 gene. This sequence has been deposited in Genbank (accession number: AF055481). The NES1 gene is composed of one untranslated exon and the PCR product generated by primers 3S/3AS was five coding exons. All exon-intron junctions followed found to be identical to the corresponding sequence of the GT-AG rule (20) , except for the donor site of intron the NES1 gene cDNA. The sequence of the PCR product IV, which started with GC. Although the exact trangenerated by primers 4S/4AS was also identical to the scription initiation site is not known, according to the corresponding sequence of the NES1 gene cDNA but available cDNA sequence and the size of the NES1 there was an additional 331 bp intervening sequence, mRNA (1), a TATA box variant TTAAAA was found 35 representing an intron (intron IV, see below).
bp upstream of the cDNA start site.
Mapping of the NES1 Gene DISCUSSION We used the PCR procedures mentioned above to
The DNA sequence presented in figure 5 shows that map the NES1 gene, using somatic cell hybrid and radithe NES1 gene is made up of 6 exons separated by 5 ation hybrid mapping. We examined a panel of somatic introns and spans 5.5kb. All splice junctions well agree cell hybrids each containing a single human chromowith the consensus sequence GT-AG, except the splice some with primer pairs 4S/4AS and 3S/3AS. This exdonor of intron IV, which has GC instead of GT. This periment showed that the NES1 gene resided on chromosome 19 ( Figure 2) . A similar PCR analysis was performed on a panel of Genebridge4 radiation hybrid DNA. The expected PCR product was amplified from 14 out of 93 DNAs from the hybrid cell lines (data not shown). Computer analysis of these data localized the NES1 gene on chromosome 19, between markers NIB1805 and WI-5264. The distance between NES1 and NIB1805 was 4.08 cR. Marker NIB1805 (Genbank ID T16756) resides 347.13 cR from the top of chromosome 19. In addition, the PSA gene (WI-9055; Genbank ID M21896) has been previously mapped with the same method to 351.84 cR from the top of chromosome 19. These data allowed us to construct a tentative physical map of the region containing the NES1 and PSA genes ( Figure 3) . (21-23) . A TA stretch of TTAAAA was found 35 bp upstream from the available cDNA sequence, sug-numbers shown are based on the NES1 gene) are crucial residues for substrate binding, specificity, and cagesting that it is likely the variant of the TATA box. This variant is also found in other genes (24) . Further-talysis of serine protease (25) . The cleavage site is the position where the proenzyme is cleaved. The signal more, there is no TATA like sequence further upstream. Usually, the most frequent mRNA start site peptide is the sequence that is recognized by the proteins involved in the secretory pathway. In the NES1 exists 22-29 bp downstream from the TATA box (24) . Indeed, the sequence GCAGAG, just 26 bp downstream gene, the cleavage site is predicted to be at residue 42 and there is a putative signal peptide in the NH 2 -from this putative TATA box ( Figure 5 ) closely resembles the consensus mRNA cap site (T/GCAGTC) (24) . terminus of the NES1 according to the hydropathicity study (1) . The exon-intron organization of serine proteThis sequence, GCAGAG, is also found in another serine protease gene, bovine prothrombin, and it has been ase genes has been well documented. Irwin et al have proposed that the serine protease genes can be grouped shown that the mRNA starts from the first nucleotide G (23) . Whether this is the genuine mRNA start site into five different types based on the intron position (23) . Trypsinogen, PSA and TPA all belong to the group of the NES1 gene remains to be experimentally determined.
Screening a Human Genomic DNA Library
that has the following characteristics: (a). The region encoding the signal peptide is in the first coding exon; Since the NES1 gene has sequence homology with trypsinogen, PSA, and TPA, the genomic organizations (b). The catalytic residues histidine and serine are separated in different exons and almost immediately adjaof these genes were compared. There are three distinct features in secreted serine proteases: signal peptide, cent to their exon boundaries. There is only one intron between the exons coding for the histidine and aspartic q13.4 in the order of: centromere-KLK1-PSA-KLK2-telomere. The distance from PSA to KLK1 and to KLK2 acid residues. (c). The cleavage site is localized in the same exon as the histidine residue. When the genomic are 31 kb and 12 kb, respectively (10). In our study, the NES1 gene was mapped to chromosome 19q13.3-organization of the NES1 gene was analyzed, it shared the same intron-exon organization as trypsin, PSA, and q13.4, in the same region as the human kallikrein gene family. However, other related serine proteases reside tissue plasminogen activator ( Figure 5 and Figure 6 ), suggesting that these serine protease genes have a on different chromosomes, e.g. trypsin (chromosome 7) (3) and tissue plasminogen activator (chromosome 8) common origin. It has been reported that in spite of the limited sequence similarity between different ser-(5). Radiation hybrid mapping placed the NES1 gene between markers NIB1805 and WI-5264. The latter is ine proteases which may share a common ancestor, they have high degree of homology in protein conforma-only 0.1 cR away from the PSA gene. These data indicate that the NES1 gene is only about 0.73 cR centrotion as determined by x-ray crystallography (26) . This phenomenon has also been observed in the sequence meric to the PSA gene and that the arrangement of the genes at this locus is: 19centromere-NES1-KLK1-PSAand structural studies of trypsinogen and PSA (27-29). Therefore, we speculate that NES1 may have a similar KLK2-19telomere. The fluorescence in-situ hybridization data fully support the localization of the NES1 protein conformation and enzymatic action as PSA and trypsinogen.
gene in this region. Taken together, our data indicate that NES1 shares The human kallikrein gene family is known to be clustered in a 60 kb region on chromosome 19q13.3-a similar genomic organization with PSA, trypsinogen 
